and functional magnetic resonance imaging studies, have not been systematically utilized to assess whether OSA-related neurocognitive deficits are associated with changes in cortical activation and whether CPAP therapy can reverse these changes.
The etiology of the neurocognitive impairment in patients with OSA is currently unknown. One theory to explain this phenomenon states that the hypoxemia of OSA is responsible for neurocognitive decline. This theory is controversial, as research on patients with OSA 18 and patients with hypoxemic chronic obstructive pulmonary disease 19, 20 have failed to find a relationship between measures of hypoxemia and neurocognitive function, whereas other investigators 21 have reported that patients with OSA and hypoxemia have significantly more cognitive impairment than patients with OSA and no hypoxemia. Another theory is that the impairment in neurocognitive function in patients with OSA is related to sleepiness. Patients with OSA perform worse on neuropsychological tests than do both healthy volunteers and patients with other disorders of excessive sleepiness. 18 Perhaps the most parsimonious explanation is that these OSA-related neurocognitive deficits are the result of a combination of both hypoxemia and decreased vigilance. 22, 23 The first-line treatment modality for OSA is CPAP, which decreases the frequency of abnormal respiratory events and arousals; however, there is some controversy as to whether sleep architecture is significantly improved. 24, 25 CPAP has been shown to improve neurocognitive function using tests of attention and psychomotor function, 6 ,26 learning and memory, 26 and executive and frontal-lobe function in a few studies with limited sample sizes, 27 whereas other investigators have detected persistent deficits in similar measures of neurocognitive function with CPAP use. [28] [29] [30] [31] These conflicting results raise questions about the causal nature of the association and may indicate that some neurocognitive deficits are due to irreversible central nervous system damage.
The etiology of the daytime sleepiness associated with OSA is also unknown. It is widely accepted that OSA results in brief arousals from sleep and that this sleep fragmentation produces daytime sleepiness. However, this hypothesis has not been adequately tested and remains controversial. 32, 33 Regardless of its etiology, sleepiness is a primary criterion for the diagnosis of OSA. CPAP has been demonstrated to improve the sleepiness associated with OSA in long-term studies 34 and in comparisons with sham CPAP, 35 yet, the improvement in levels of sleepiness in these studies does not approach the baseline levels of controls without OSA.
The effect of CPAP on mood in patients with OSA is largely unknown. Results have been mixed, with some studies reporting improvement, 36 ,37 1 study revealing significant improvement in both active CPAP and placebo groups, 38 and other studies showing no significant effects. 26, 39 However, these studies were limited by small sample sizes, standard and nonstandard indexes of mood state, and different types of controls across the studies.
Quality-of-life assessment has become an integral component of health-outcomes research. Several small studies have documented significant improvement in quality-of-life indexes following CPAP treatment in patients with OSA. 35, [40] [41] [42] A large, multicenter, randomized, double-blinded, sham-controlled, long-term study of CPAP therapy has not been previously conducted, despite the widespread use of CPAP as the primary treatment for OSA 43 and the perception by the majority of patients with OSA that it is an effective treatment for this disorder. 44 To date, the efficacy of CPAP has generally been evaluated against control groups that may not meet the requirements of true sham or placebo groups because these controls were not subjected to instrumental constraints 41, [45] [46] [47] identical to those of the experimental group. Sham CPAP has been used successfully as a placebo in a few, albeit short-term, studies. 24, 35, 48, 49 This lack of an adequate long-term placebo-controlled study combined with the high perpatient costs of CPAP has called into question the usefulness of CPAP as primary therapy for OSA. 50, 51 Our study is designed to address the following specific aims:
1. To assess the long-term effectiveness of CPAP therapy on neurocognitive function, mood, sleepiness, and quality of life by administration of standard and novel tests of these indexes to subjects with OSA. 2. To identify specific deficits in neurocognitive function associated with OSA in a large heterogeneous population of subjects with OSA. 3. To evaluate which deficits in neurocognitive function in subjects with OSA are reversible and most sensitive to the effects of CPAP 4. To explore the development of multivariate composite indexes for assessment of clinical effectiveness of CPAP in improving neurocognitive function, mood, sleepiness, and quality of life in patients with OSA. 5. To use functional magnetic resonance imaging in a subset of Apnea Positive Pressure Long-term Efficacy Study Tables 2 and 3 for additional abbreviations. subjects with OSA to evaluate differences in patterns of cortical activation before and after CPAP therapy and to assess whether this pattern change is associated with improvement in the performance of specific neurocognitive tasks.
Two pilot studies with a total of 16 subjects (14 men and 2 women, aged 28-65 years) were completed at Stanford University in conjunction with SAM Technology and the San Francisco Brain Research Institute. 52 Eight subjects were assigned, in random order, to active CPAP and 8 to sham CPAP. All subjects gave informed consent to participate in the study, which was approved by the Stanford University Panel on Human Subjects in Medical Research. These pilot studies demonstrated the feasibility of the methods to be employed in APPLES and provided preliminary data used in power and sample-size calculations.
DESIGN, METHODS, AND PROCEDURES

Experimental Design
APPLES is an ongoing 2-arm, comparative, randomized trial. Subjects are being randomly assigned to the active-CPAP or sham-CPAP group at a 1:1 ratio in a permuted block design. Subjects are enrolled at the 5 APPLES Clinical Centers (Stanford University, Stanford, CA; University of Arizona, Tucson, AZ; St. Mary Medical Center, Walla Walla, WA; St. John's/St. Luke's Hospitals, Chesterfield, MO; and Brigham and Women's Hospital, Boston, MA). All subjects are assessed for 6 months on the arm to which they are assigned. Primary analyses will be conducted in accordance with the intention-to-treat principle.
Sample Size
We set the sample size to permit detection of treatment effects at least as large as those estimated from the pilot studies with 90% power, allowing for a Type I error rate of 5%. The results from the pilot studies for the Pathfinder Number Test (see Primary Outcomes section) set the sample size because this test requires the largest sample size among the 3 primary outcome measures. Allowing for 3 interim analyses and a 20% dropout rate that was estimated based on our clinical research experience and 2 prospective population studies measuring long-term CPAP adherence, 53, 54 our target is to randomly assign 1100 subjects.
Study Organization and Administration
The study's organizational structure is detailed in Figure 1 . The Clinical Coordinating Center and the Data Coordinating Center are located at Stanford University.
Subject Inclusion and Exclusion Criteria
Data regarding the inclusion and exclusion criteria for subjects are listed in 
Visits and Procedures
The tests, measures, and procedures for each of the 9 or more separate study visits are listed in Table 3 .
CLINICAL EVALUATION
The clinical evaluation consists of informed consent, discussion of alternative treatments, baseline testing, screening questionnaires, and a clinical evaluation by a Study Physician.
TRAINING SESSION 1
Training session 1 entails neurocognitive test training and the administration of psychological tests, screening questionnaires, and screening interviews.
TRAINING SESSION 2
Training session 2 entails additional neurocognitive test training and the administration of psychological tests.
DIAGNOSTIC POLYSOMNOGRAPHY VISIT
The diagnostic polysomnography (PSG) visit involves an overnight diagnostic sleep study, questionnaires, Maintenance of Wakefulness Test (MWT), and the neurocognitive test battery. Prior treatment for OSA with CPAP or surgery (prior oral appliance usage is permitted as long as the subject has not utilized the oral appliance for at least 1 month prior to the diagnostic appointment) 2. An oxygen saturation < 75% for > 10% of the diagnostic sleep study. Additionally, if a subject has an oxygen saturation < 75% for > 25% of the first 4 h of the diagnostic sleep study, the subject will be excluded from further participation in the study. 3. A near-miss or prior automobile accident due to sleepiness within the past 12 months 4. Use of hypnotics, anxiolytics, sedating antidepressants, anticonvulsants, sedating antihistamines, stimulants, or other medications likely to affect neurocognitive function and/or alertness (Exclusionary medications are listed in the APPLES MOP). 72 For subjects on approved medications, a stable dosage for 2 months is required. If subjects are taking medications that are on the exclusionary list either chronically or on a PRN basis, they will be required to stop these medications for either a 2-week period or 5 half-lives of the medications, whichever is the longer period of these 2 alternatives. 5. Congestive heart failure (defined as a prior clinical diagnosis, an ejection fraction cutoff of 40%, or a clinical warning from a primary care physician or cardiologist); coronary artery disease unless stable for at least 6 months and considered by the Study Physician to have stable disease; or history of angina, myocardial infarction, or stroke. An abnormal screening electrocardiogram is also grounds for exclusion, at the discretion of the Study Physician. 6. Cardiac rhythm disturbance (defined as a 5-beat run of sustained ventricular tachycardia or bradycardia if < 30 beats per min for a 10-second run or previously undiagnosed and untreated atrial fibrillation or Mobitz II or third-degree heart block) 7. Respiratory disease requiring medications (may include patient with lung disease [e.g., asthma] if on stable medications for 2 months or subject is taking PRN medications-at the discretion of the Study Physician) 8. Chronic neurologic disorders affecting neurocognitive abilities or daily function 9. Cancer, unless in remission for more than 1 year and not taking exclusionary medications. An individual with a small basal cell carcinoma (without metastasis) that was excised with wide margins may be included at the discretion of the Study Physician. 10. Self-reported renal failure 11. Pregnancy anytime during a subject's participation in the study 12. Psychiatric illness, as defined by a DSM-IV axis I diagnosis, except for depression or mild anxiety. Depressed patients will be excluded only if using sedating medication, if they have not been on a stable dose of medication for 2 months, or if the Study Physician judges their depression to be poorly controlled or severe (HAM-D score > 24 or suicidal ideation and plan). Mildly anxious patients will be excluded if they are using sedating medication, if they have not been on a stable dose of medication for 2 months, or if the Study Physician judges their anxiety to be poorly controlled. 13. Narcolepsy, idiopathic hypersomnolence, DSM-IV chronic insomnia, restless legs syndrome, REM sleep behavior disorder, or any other sleep disorder specified in the APPLES MOP. Table 1 . 
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CPAP TITRATION VISIT
The CPAP titration visit occurs within 4 ± 3 weeks after the diagnostic PSG and includes an overnight CPAP titration PSG study and the administration of questionnaires.
TWO-MONTH POST-CPAP FOLLOW-UP VISIT
The 2-month post-CPAP follow-up visit represents a follow-up overnight CPAP titration PSG study, with questionnaires, psychological tests, MWT, and the neurocognitive test battery. During this visit, the subject uses his or her own CPAP device (active or sham), which is also true for the 6-month post-CPAP followup visit. CPAP pressures may be adjusted during these visits for those in the active-CPAP condition if necessary.
FOUR-MONTH POST-CPAP FOLLOW-UP VISIT
The 4-month post-CPAP follow-up visit consists of questionnaires and a follow-up appointment with a Study Physician that includes a physical examination and discussion of CPAP adherence, protocol compliance, safety issues, and changes in medications.
SIX-MONTH POST-CPAP FOLLOW-UP VISIT
The 6-month post-CPAP follow-up visit uses the same sleep study, tests, and questionnaires as the 2-month post-CPAP visit.
ADDITIONAL FOLLOW-UP VISIT
An additional follow-up visit allows the subject to discuss any issues or problems, especially with respect to CPAP adherence and safety issues. Subjects are encouraged to contact the staff with any questions; at times, subjects may request an extra visit to resolve a problem. CPAP pressure is not adjusted ad-hoc, only at the 2-month, 4-month, and 6-month post-CPAP visits; a nonblinded Study Physician must approve any change in pressure.
EXIT INTERVIEW
The exit interview gives the subject an opportunity to start active CPAP (for subjects who had been in the sham group) or continue active CPAP (for those in the active group), or to pursue other OSA treatment options. Prior to being informed of his or her treatment condition, the subject is asked to judge to which treatment condition he or she was assigned; this information will allow us to assess whether the therapy blind was maintained. Subjects are compensated as they complete study visits, up to a total of $500 if all visits are completed.
OPTIONAL FOLLOW-UP VISITS UPON COMPLETION
Optional follow-up visits upon completion of the study may occur if the subject agrees to further participation. For these visits, the subject is asked to complete any or all of the questionnaires, interviews, procedures, or tests. The frequency and duration of the follow-up is at the discretion of each Clinical Center.
Primary Outcomes
The primary outcomes are 3 neurocognitive measures, each representing 1 of 3 different neurocognitive domains: (1) attention and psychomotor function, (2) learning and memory, and (3) executive and frontal-lobe function. The primary outcomes are described below and listed (along with the secondary outcomes) in Table 3 .
THE PATHFINDER NUMBER TEST
The Pathfinder Number Test assesses attention and psychomotor function, requiring the subject to scan, locate, and connect numbers in sequence. The Pathfinder Number is the computer 
each follow-up session. g. Orthostatic blood pressure and pulse procedures were adapted from the Sleep Heart Health Study protocol. h. The subject must spend between 7 and 9 h in bed and have a respiratory disturbance index (RDI) ≥ 10. The subject is excluded from the study with an oxygen saturation < 75% for > 10% of the diagnostic sleep study or < 75% for more than 25% of the first 4 h. Attempts are made to record at least 1 hour of sleep in the supine position. i. Prior to C-PSG, each subject will become familiar with CPAP through at least 20 min of a CPAP habituation exercise. For the C-PSG, 2M-CPAP, and 6M-CPAP visits, the subject must spend between 7 and 9 h in bed, and attempts are made to record at least 1 hour of sleep in the supine position. Pressure may be modified at the 2M-and 6M-CPAP visits. j. The SmartCard ® is placed in the CPAP machine at the C-PSG visit, and subsequent cards are mailed at 2-wk intervals and collected at each visit up to and including the 6M-CPAP visit. is excluded from participation. Low, medium, or high suicide risk on the suicide module results in immediate further evaluation of the subject by the PO. p. A total score ≥ 24 results in exclusion, and a score of ≥ 1 on the suicide module results in immediate further evaluation of the subject by the PO. q. A score of 1, 2, or 3 on the suicide question results in immediate further evaluation of the subject by the PO. r. Functional magnetic resonance imaging scans while the subjects are performing tests of neurocognitive function are obtained from a subset of APPLES subjects at baseline and post-CPAP to assess changes in cortical activation.
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analogue of the Trail Making Test Part A. An association between performance on the Trail Making Test Part A and OSA severity has been reported. 55 ,56
THE BUSCHKE SELECTIVE REMINDING TEST
The Buschke Selective Reminding Test is a measure of verbal learning and memory that can distinguish between short-term and long-term memory components. 57, 58 The APPLES version consists of a series of 12 unrelated words presented over 6 selective reminding trials or until the subject is able to recall the entire list on 3 consecutive trials. 59, 60 A delayed-recall trial is given with forewarning 30 minutes after the completion of the test. The Buschke Selective Reminding Test has been used to demonstrate a learning deficit in patients with moderate to severe OSA. 61 
THE SUSTAINED WORKING MEMORY TEST
The Sustained Working Memory Test assesses executive and frontal-lobe function by requiring the subject to compare the spatial position of a stimulus with the position of the stimulus that occurred on a previous trial, pressing one button if the spatial position was the same as that on the previous trial or a second button if it differed. In the easiest version of the task, subjects compare each stimulus to the stimulus that immediately preceded it. In a higher difficulty (increased working-memory load) level, subjects compare the position of the current stimulus with that presented 2 trials previously. Behavioral and electroencephalographic (both background electroencephalographic and event-related potential) parameters are extracted from the resulting data. These measures are combined to yield a composite score indicating the degree of change from pretreatment baseline. Studies have demonstrated that this method is sensitive to changes in alertness induced by pharmacologic agents [62] [63] [64] [65] or by sleep deprivation, 8, 66 and neuroimaging studies have indicated that this task activates dorsolateral and medial frontal lobe areas, as well as superior parietal cortex and other brain regions.
67,68
Polysomnography PSG consists of monitoring of the electroencephalogram (C 3 -A 2 or C 4 -A 1 , O 2 -A 1 or O 1 -A 2 ), electrooculogram (ROC-A 1 , LOC-A 2 ), chin and anterior tibialis electromyograms, heart rate by 2-lead electrocardiogram, snoring intensity (anterior neck microphone), nasal pressure (nasal cannula), thoracic and abdominal movement (inductance plethysmography bands), and oxygen saturation (pulse oximetry). Similar PSG equipment (Respironics ® Alice ® 4 or Alice ® Host) and identical nasal cannulae and inductance bands are used at all Clinical Centers. Additional electrodes necessary for the MWT and neurocognitive test battery the following day are also applied with the above montage. These extra electrodes are placed on the face (RUE and RLE) for detecting vertical eye movements during the MWT and on the scalp (P 3 , P 4 , F 3 , F 4 , T 5 , T 6 , FP 1 , FP 2 , F z , FP 3 ) for obtaining additional electroencephalographic data during the neurocognitive test battery. Administration guidelines regarding the overnight PSG (e.g., time in bed, oxygen saturation cutoff values) and MWT are described in Table 3 . OSA is diagnosed in APPLES subjects using American Academy of Sleep Medicine Task Force (1999) OSA diagnostic criteria, 69 with the exception that a respiratory disturbance index or apneahypopnea index (apneas + hypopneas per hour of sleep) of 10 or more obstructed breathing events per hour of sleep is our PSG criterion for OSA. The use of this elevated cutoff value reduces the number of equivocal or false-positive cases of OSA in our sample. Modified American Academy of Sleep Medicine Task Force criteria 69 are also utilized to classify the obstructive respiratory events as apneas/hypopneas and to classify OSA severity: 10.0 to 15.0 events per hour of sleep (mild), 15.1 to 30.0 events per hour of sleep (moderate), and more than 30 events per hour of sleep (severe). Site personnel review the PSG record to determine whether the subject meets the APPLES PSG criteria for OSA, and this is confirmed by the Data Coordinating Center Central PSG Reading Center. The subject is informed of his or her diagnosis, treatment options for OSA are discussed, and the subject is asked if he or she agrees to further participate in the study. All PSG records are subsequently scored, both manually and visually, at the Data Coordinating Center Reading Center (minimum of 8 registered PSG Technologists) using Rechtschaffen and Kales criteria for sleep staging 70 and the American Academy of Sleep Medicine Task Force criteria for scoring abnormal respiratory events.
Randomization
The Biostatistics component of the Data Coordinating Center directs the randomization procedure. Randomization is performed using permuted blocks, with strata defined by sex, race/ethnicity, and OSA severity. This randomization design minimizes confounding of subpopulations with treatment assignment (active versus sham CPAP). A Data Coordinating Center computer randomly assigns each subject using a unique subject identification code once the Database Administrator/Data Manager confirms that all inclusion and exclusion criteria are met.
Continuous Positive Airway Pressure
A CPAP titration study is conducted for subjects in both the active-and sham-CPAP treatment arms in which the PSG Technologist manually but remotely adjusts the subject's CPAP pressure throughout the night. In addition, all subjects are asked to wear CPAP (while awake) for at least 20 minutes prior to the study to become accustomed and habituated to using the CPAP device while sleeping. A CPAP mask, a connecting hose, and a Respironics ® REMstar ® Pro CPAP system (with a heated humidifier) are subsequently set up for each subject. A Respironics ® Encore ® Pro SmartCard ® is programmed to monitor CPAP adherence. The sham-CPAP device closely simulates the airflow through the exhalation port and the operating noise of the active-CPAP device. Prior studies 71 using a functionally similar sham-CPAP device revealed that oxygen saturation, end-tidal CO 2 , and mean temperature and humidity measured at the CPAP mask were the same with active versus sham-CPAP. These earlier studies also found no significant differences in sleep parameters or the number of abnormal respiratory events between the sham-CPAP group and a no-treatment group in 10 men with OSA.
Special Considerations
PROTOCOL AND TREATMENT ADHERENCE
The APPLES Data Coordinating Center quality assurance/ quality control program monitors subject and staff adherence to the protocols of the APPLES Manual of Operations. 72 All protocol deviations and violations are reported to the Data Coordinating Center. Protocol deviations and violations are directly managed by the Quality Assurance/Quality Control Supervisor but may require consultation with the Project Director, Principal Investigator, and/or the Data Coordinating Center Co-Directors. Protocol deviations and violations are regularly submitted in a report to the Steering Committee and the Data and Safety Monitoring Board A special advisory committee (APPLES Biostatisticians, a Study Physician, and the Database Administrator/Data Manager) makes recommendations to the Steering Committee when it is unclear whether an event should be classified as a deviation or a violation and when a question arises related to the outcome of an event (e.g., merits subject disqualification from APPLES).
Treatment adherence is an important factor for CPAP; even 1 night without CPAP can reverse virtually all of the sleep and daytime alertness gains derived from CPAP usage. 73 Studies have demonstrated that CPAP-related education and close monitoring of subjects with OSA significantly improved CPAP adherence. 74 Every subject in APPLES is encouraged to contact the Clinical Center for any CPAP-related problems that occur throughout the study; nonblinded personnel address these problems. Subjects are contacted by staff twice within a week of starting CPAP to ensure adequate CPAP use (defined as ≥ 4 hours use per night) and to manage any problems that may initially develop. Additional phone calls or an office visit may be scheduled if the subject is experiencing difficulty adjusting to CPAP or is using CPAP for less than 4 hours per night.
CPAP adherence is assessed objectively using the REMstar ® Pro CPAP system equipped with an Encore ® Pro SmartCard ® port. The adherence data are automatically transferred to the SmartCard ® , and the subject mails the cards to the Clinical Center approximately every 2 weeks. In the event that the SmartCard ® data reveals less than 4 hours of CPAP usage, subjects are contacted by Clinical Center staff to discuss CPAP nonadherence and methods to increase usage.
BLINDING ISSUES
Site personnel are blinded, with the exception of those whose duties prevent them from being blinded. The nonblinded personnel are limited to the Clinical Center Coordinators, the PSG Technologist conducting the active-or sham-CPAP titration study, and the Database Administrator/Data Manager (who has no contact with subjects). Specific rules of interaction have been developed to prevent unblinding of the subject by the Coordinators and PSG Technologists.
SAFETY ISSUES
It is recognized that there is always an inherent risk to subjects in placebo-controlled trials. 75 The potential safety risks for untreated OSA necessitated limiting the treatment-period duration; despite this concern, patients generally use CPAP for their entire lifetime, so some may argue that this study should not be considered "long-term." However, regardless of the terminology, the major potential safety risk to participants in APPLES derives from the delay in any OSA treatment for up to 7 months in subjects randomly assigned to sham CPAP. Potential risks for untreated OSA include drowsiness-related accidents, OSA-linked exacerbation of mood disorders and suicidality, high blood pressure, stroke, myocardial infarction, heart failure, and sudden death due to cardiac arrhythmia. Safety monitoring for APPLES subjects is of paramount importance because the risks associated with the usage of sham CPAP are not well defined. The APPLES safety plan is divided into 4 components: (1) staff safety training-staff are trained to recognize high-risk behaviors often associated with OSA; (2) subject baseline health assessmenthistory and physical examination, electrocardiogram, blood tests, urine pregnancy test, mental status, and mood assessments are conducted to evaluate baseline risk, to screen subjects, and to serve as a comparator to identify and interpret any changes in the subject's health during the study; (3) subject safety educationstarting with the informed consent process, specific standardized educational topics include the risks and avoidance of drowsy driving, drowsiness effects on daily living, and CPAP care and use; and (4) subject monitoring-to reduce the likelihood of highrisk behaviors that may be associated with sleep deprivation, 3 specific areas are monitored by study staff: drowsy driving, psychological disorders, and suicidal ideation.
Epworth Sleepiness Scale score cutoffs are used to assess drowsy-driving risk. Cutoff points for the Mini International Neuropsychiatric Interview modules on depression, anxiety, and suicidality; Hamilton Rating Scale for Depression; and Beck Depression Inventory are used to assess risks associated with psychological disorders and suicidal ideation.
A Physician Observer plays an important role in APPLES safety monitoring. The primary responsibilities of this independent, blinded "safety officer" are to evaluate all adverse events, to determine whether a subject is at unacceptably increased risk while in the study, and to decide whether the subject should continue participation or be discontinued in order to seek a treatment modification. The Physician Observer has 3 scheduled contacts with each subject (1 month, 3 months, and 5 months after the initiation of CPAP), during which the following general topics are explored: hospitalizations/doctor visits, accidents/near-miss accidents, mood/suicidal ideation, treatment-related problems, and any other problems. The Data Coordinating Center monitors all safety data and summarizes these data in regular safety reports. Additionally, the Data and Safety Monitoring Board conducts a periodic evaluation of patient safety by blinded treatment group and at each interim analysis.
In the event of a serious adverse event, irrespective of whether it is related to therapy, key APPLES personnel at the Clinical Center, Data Coordinating Center, and Clinical Coordinating Center; Steering Committee; National Heart, Lung, and Blood Institute Program Officer; Data and Safety Monitoring Board; Institutional Review Board of the Clinical Center (as appropriate); and the Institutional Review Board of the Data Coordinating Center are notified within 72 hours if the event is life threatening or fatal and within 15 calendar days for all other serious adverse events. An adverse event that does not meet criteria for a serious adverse event is reported to the Data and Safety Monitoring Board at conference calls and face-to-face meetings.
Data Management
DATA COLLECTION AND TRANSFER
Research data collected and then transferred to the Data Coordinating Center are in 3 forms: (1) primary data input, which consists of raw data passed from the subject directly to a computer, either by electrodes attached to the subject and connected to the computer or by the subject performing a task on the computer (e.g., PSGs, MWTs, and the majority of the neurocognitive test battery); (2) data recorded and stored in peripheral devices, which are transferred to a computer via a special interface device (e.g., Encore ® Pro SmartCard ® CPAP adherence data); and (3) forms and questionnaires, which are recorded on paper and subsequently entered into the database.
Processing of data at the Data Coordinating Center is through an integrated data management system that includes registration, encryption, tracking, storage, cleaning, and querying of subject data. Input to the database from the Clinical Centers is primarily via the password-protected APPLES Web site. A specialized mechanism has been designed to link a unique Subject ID number with all entered and imported data from the Clinical Centers. Further, tracking of subject data is performed using the linked Web site interface/SQL Server database. The Clinical Centers access this Web site to create new subjects and to enter data for existing subjects. Large data files, such as those from PSGs and MWTs, are uploaded to the file transfer protocol server by the Clinical Centers and imported into the database by the Data Coordinating Center.
DATA REVIEW AND QUALITY CONTROL
The Data Coordinating Center is responsible for developing and implementing quality control and for ensuring that data-collection procedures for all sites are uniform and of the highest quality. Several front-end quality assurance/quality control procedures are implemented to ensure data quality: (1) a double dataentry system automatically identifies and requests resolution for any unmatched data entries by Data Aides at the Clinical Centers; (2) a field-type error-detection protocol flags incorrect field-type entries and will not allow blank entries; (3) data-entry ranges are restricted by preset inner bounds and outer bounds that are encoded in the Web site via Java Script, which provides immediate feedback to Data Aides at the Clinical Centers through messages if the bounds are exceeded; and (4) safety and exclusion flags alert Data Aides at the Clinical Centers if certain responses qualify as safety concerns or exclusions (e.g., an Epworth Sleepiness Scale total score ≥ 18).
The Data Coordinating Center conducts several independent back-end quality assurance/quality control procedures: (1) The Data Coordinating Center Database Administrator/Data Manager checks all computer or hardcopy files for correct formatting, missing or duplicate data, valid ranges, and internal consistency; (2) the Data Coordinating Center conducts statistical quality control using univariate and multivariate outlier detection (i.e., methods to detect abnormal or outlying data); (3) for data manually entered by the Clinical Center into the Web site, the Data Coordinating Center conducts random pulls of up to 5% of the original source document data and compares these to database entries; (4) Data Coordinating Center staff conducts annual site audits of data integrity and data-handling procedures of the Clinical Centers; (5) the Data Coordinating Center uses specialized quality assurance/ quality control queries to screen the database for errors; (6) interrater reliability assessments are conducted for PSGs and MWTs blindly scored by the Data Coordinating Center PSG Technologists, and the Data Coordinating Center is responsible for further quality assurance/quality control procedures for these data; (7) for the Hamilton Rating Scale for Depression quality control, a sampling of the audiotapes recorded during the interviews are sent to the Data Coordinating Center and Psychometricians at the Clinical Centers are asked to independently score a standardized videotaped Hamilton Rating Scale for Depression interview for interrater reliability assessment on a biannual basis; and (8) the Data Coordinating Center has procedures for assessing its own performance, such as periodic evaluation of data collection and flow, data processing and analysis time, and procedures to minimize data errors.
DATA CONFIDENTIALITY, SECURITY, AND STORAGE
Procedures are in place to monitor HIPAA (Health Insurance Portability and Accountability Act) compliance in all study procedures performed at each Clinical Center. Each subject is assigned a unique Subject ID number upon enrollment by the Data Coordinating Center that is used on all APPLES data. Multilevel security access, password protection, and file locking protect the security and confidentiality of subject databases in both Data Coordinating Center and Clinical Center computers. Confidential subject-identifying information remains at the Clinical Centers in secure files. Additionally, all study personnel sign a statement of confidentiality. The Data Coordinating Center serves as the primary central repository for all collected data, and the Clinical Center computers, Data Coordinating Center server, and file transfer protocol server are backed up on hourly, daily, and weekly schedules using different storage media and on-site and off-site servers. All data transfers utilize secured protocols.
Primary Data Analyses
One of the roles of the Data Coordinating Center is to conduct statistical analyses in preparation for publication. The Type I error rate for all statistical tests is set at 0.05. Baseline characteristics of study subjects will be summarized with descriptive statistics (i.e., means, standard deviations).
The primary endpoint of APPLES is the effect of CPAP on neurocognitive function. The primary outcome measures for the study are the Pathfinder Number Test, Buschke Selective Reminding Test, and Sustained Working Memory Test. We will compare the slope over time of the active-CPAP group with that of the sham group for each of the 3 primary outcome measures using generalized estimating equations, in which, under the null hypothesis, the difference in slopes is expected to be equal to 0. Secondary analyses will be conducted and detailed in subsequent reports.
Interim analyses will be conducted when 25%, 50%, and 75% of the subjects recruited have completed their 6-month post-CPAP visit. Stopping rules will permit early termination of the trial if the estimated treatment difference is sufficiently large. Specifically, stopping boundaries at interim have been set using a 2-sided Type-I error spending function, 76 which approximates boundaries of O'Brien and Fleming. 77 An O'Brien-Fleming-type procedure is less likely than other stopping rules (e.g., Pocock 78 ) to cause stopping during early stages of the study, thereby reserving most statistical power for end-of-study hypothesis testing. In addition, results of interim safety analyses assist the Data and Safety Monitoring Board in comparing risks due to motor vehicle accidents or cardiovascular disease between sham-and active-CPAP groups.
Procedures for Minimizing Possible Biases and Limitations
INTERNAL VALIDITY
Treatment selection is unbiased because subjects are randomly assigned to active or sham CPAP. In addition, the double blind coupled with procedures to maximize retention will mitigate these sources of potential bias.
EXTERNAL VALIDITY
Use of 5 sites that are dissimilar in locale, patient populations, practice setting, and physician specialty increase generalizability of the study. The study protocol was designed to parallel the standards of practice for the diagnosis and treatment of OSA in clinical sleep medicine.
TEST SELECTION
The test battery was composed by teams of experts specializing in each area under study (neurocognitive function, mood, sleepiness, and quality of life). The likelihood that the tests are not valid or reliable has been reduced by the careful selection of the tests by these experts following an extensive literature review.
CONTROLS
Data sets are available from healthy normal controls for all of the tests selected for this study, including our primary neurocognitive outcome measures. These data serve as standards of comparison for the subsequent analyses and interpretation of data from the active-and sham-CPAP groups.
DETECTABLE PLACEBO
Questioning of the subjects from the pilot studies revealed that they were unsure whether they received active-or sham-CPAP devices. To a patient with OSA who is naïve to CPAP use, the active-and sham-CPAP devices are practically indistinguishable. During the exit interview, the subjects are asked whether they believe they were assigned to the active-or sham-CPAP condition to assess whether the therapy blind was maintained.
RECRUITMENT
The APPLES Web site provides a live enrollment and randomization report available to the Steering Committee and Quality Assurance/Quality Control Committee so that they may track subject recruitment study wide and by site. Specific enrollment and randomization targets are monitored by the Data Coordinating Center, and predetermined corrective measures are implemented to achieve study targets.
DROPOUTS
Education and close monitoring of subjects with OSA while they are enrolled in the study, especially while they are on CPAP, are paramount to the study because these practices have been shown to minimize dropouts and significantly improve CPAP adherence. 74 The use of newer technologies such as the Respironics ® SmartCard ® enables frequent and accurate assessment of CPAP adherence, allowing Clinical Center personnel to rapidly identify and remedy the source of any potential reduction in treatment adherence.
DISCUSSION
APPLES is a long-term study designed to test the effectiveness of CPAP therapy. Upon completion, it will be the largest clinical trial in the field of sleep medicine. The primary goal of APPLES is to test the hypothesis that CPAP therapy results in significant, stable, and long-term benefits to patients with OSA. APPLES is evaluating this hypothesis by administering a comprehensive, yet novel, test battery containing measures of neurocognitive function, mood, sleepiness, and quality of life to a large group of subjects with OSA who are assigned to either active-or sham-CPAP therapy in a randomized, double-blinded design for a 6-month period. The major safety risk of the study is the lack of any OSA treatment during the 7 months after enrollment for subjects randomly assigned to the sham-CPAP group; however, the potential risks of untreated OSA are minimized by intensive safety monitoring throughout this time period. The most important potential outcomes of the study are to assess the long-term clinical benefit of CPAP therapy in the domains of neurocognitive function, mood, sleepiness, and quality of life. We anticipate that APPLES will provide health-care practitioners and the general public with evidence for the efficacy or inefficacy of CPAP therapy on the important consequences of this prevalent sleep-related breathing disorder.
